Modification of ligand binding to the Na+/K+-activated ATPase.
Interactions between the ligands Mg2+, K+, and substrate and the Na+/K+-activated ATPase were examined in terms of a rapid-equilibrium, random-order, terreactant kinetic scheme for the K+-nitrophenyl phosphatase reaction that is catalyzed by this enzyme. At 37 degrees C and pH 7.5 the derived values for the dissociation constants from the free enzyme were 0.2, 0.08, and 1.4 mM for Mg2+, K+, and substrate, respectively. For Mg2+ interactions, the presence of 20% (v/v) dimethyl sulfoxide (Me2SO) increased the calculated affinity 25-fold; higher concentrations increased affinity still further. Neither reducing the temperature to 20 degrees C nor altering the pH from 6.5 to 8.3 appreciably changed the affinity for Mg2+ in the absence or presence of Me2SO. The Mg2+ sites are thus characterized by an absence of functional groups ionizable in the pH range 6.5-8.3, with binding driven by entropy changes, and with Me2SO, probably through solvation effects on the protein, increasing affinity for Mg2+ close to that for Ca2+ and Mn2+. By contrast, for K+ interactions, the presence of 20% Me2SO increased the calculated affinity only by half; moreover, reducing the temperature to 20 degrees C and the pH to 6.5 both increased affinity and diminished the response to Me2SO. The K+ sites are thus characterized by a marked sensitivity to pH and temperature, presumably through alterations in enzyme conformational equilibria that in turn are modifiable by Me2SO. Inhibition by higher concentrations of Mg2+, which varies inversely with the K+ concentration, was decreased by Me2SO. Finally, for substrate interactions, the presence of 20% Me2SO increased the calculated affinity 4-fold, and, as for Mg2+-binding, neither reducing the temperature nor varying the pH over the range 6.5-8.3 appreciably altered the affinity in the absence or presence of Me2SO. Thus, the substrate sites, like the Mg2+ sites, are characterized by an absence of functional groups ionizable in this range, with binding driven by entropy changes, and with Me2SO increasing affinity for substrate, in this case probably through favoring the partitioning of substrate from the medium into the hydrophobic active site.